The long-chain polyunsaturated fatty acids docosahexaenoic acid (DHA; 22:6n-3) and arachidonic acid (ARA; 20:4n-6) are currently added to infant formulas in many countries. ARA and DHA are the predominant n-6 and n-3 long-chain polyunsaturated fatty acids in the CNS, and it has been postulated that an adequate dietary supply during infancy is necessary to support optimum neurodevelopment (1) . The results of several investigations indicate that visual acuity and neurocognitive development are enhanced in preterm infants who are fed formulas that are supplemented with DHA or both ARA and DHA (2) (3) (4) (5) . Most (4,6 -8) but not all (9) studies have reported normal growth in preterm infants who were fed formulas that were supplemented with both ARA and DHA.
The long-chain n-6 (ARA) and n-3 [DHA and eicosapentaenoic acid (EPA; 20:5n-3)] fatty acids are important biomediators that can affect growth and body composition through diverse mechanisms. The level and the ratio of these fatty acids can influence cell membrane properties, cell-to-cell signaling processes, the expression of genes that regulate cell differentiation and growth, and the synthesis of eicosanoids that affect bone metabolism (10) . Animal studies suggest that dietary n-6 and n-3 fatty acids can affect both fat mass and distribution (11, 12) and bone metabolism (13, 14) .
Care Advance contains 0.25% DHA and 0.40% ARA, and Similac NeoSure Advance contains 0.15% DHA and 0.40% ARA.
Breast feeding was encouraged before initiating formula feeding and throughout the entire study for infants in each group. Breast milk was provided as expressed milk fed by tube or bottle or by nursing at the breast. When the amount of milk produced by the mother was insufficient to meet the volume and energy needs of the infant, the randomly assigned study formula was used to make up the shortfall. During the initial hospital stay, it was recommended that expressed breast milk be fortified to achieve an energy density of 22-24 kcal/fl oz. Infants were categorized as exclusively formula-fed or as receiving mixed formula-breast milk feedings. Exclusive formula feeding was defined as less than a total of 100 mL/kg birth weight of in-hospital breast milk intake (~130 mL) and formula for Ͼ80% of feedings at term CA. All other infants were placed in the formula plus breast milk group.
Feeding procedures. Study day 1 was the day the infant was randomized and began enteral feeding of the assigned study formula or breast milk. In-hospital, parenteral nutrition was administered to infants who could not tolerate full enteral feeding. A daily record was kept of the volume of study formula and breast milk provided. The use of supplemental multivitamins and/or minerals was permitted as indicated by the attending physician. Enteral feedings were withheld at the discretion of the attending physician when the infant showed signs of intolerance to the formula and were reintroduced after indicators of intolerance resolved. When radiographic evidence of necrotizing enterocolitis (NEC) occurred or when NEC was documented at surgery, the subject was removed from the study.
Infants were fed the 24 kcal/fl oz study feedings from study day 1 to 40 wk CA and 22 kcal/fl oz study feedings from 40 wk CA to 12 mo CA. For three consecutive days before the 40-wk CA, 4-mo CA, and 12-mo CA assessments, parents kept diaries to record formula intake and the frequency of breastfeeding. Parents were encouraged to delay the introduction of solid foods until infants were at least 2 mo CA.
Anthropometric data. Birth weight, length, and head circumference measurements were obtained from the medical record. In-hospital, weights were measured daily, and length and head circumference were measured weekly using standardized procedures (16) . Postdischarge weight, length, and head circumference were recorded at 35 and 40 wk CA and at 4 and 12 mo CA. Approximately 25% of the 35-wk CA visits, 94% of the 40-wk CA visits, and 100% of the 4-and 12-mo CA visits were postdischarge. At each assessment, weight measurements were obtained once (in hospital) or twice (postdischarge). Recumbent length and head circumferences were obtained twice. When the two measurements were not within a specified range (weight Ϯ10 g and length and head circumference Ϯ0.5 cm), a third measurement was taken. Multiple measurements were averaged for statistical analyses. Infants were weighed nude in-hospital and after hospital discharge using calibrated digital electronic scales (Olympia Smart Scales, Olympia Medical Systems, Seattle, WA; and Scale Tronix, Wheaton, IL, respectively). Lengths were measured using a standard-length board sized for either preterm or term infants (Ellard Instrumentation, Seattle, WA). Head circumferences were measured using the Ross Laboratories INSER-TAPE.
Dual energy x-ray absorptiometry. Dual energy x-ray absorptiometry (DEXA) measurements were made with a whole-body scanner (Hologic QDR ; Hologic, Bedford, MA) operated in the single-beam mode. All DEXA technicians had completed certification to operate the densitometer. Quality control scans using the manufacturer-supplied step-phantom were performed according to hospital protocol. Measurements of total body bone mineral content (g), total body bone mineral density (g/cm 2 ), total body fat (kg), and total lean mass (kg) were made at 35 and 40 wk CA and at 4 and 12 mo CA. Infants wore only disposable diapers, were swaddled in a blanket or a sheet, and were placed on a blanket on top of the pediatric platform and next to the step-phantom block, both supplied by the manufacturer. Infants were near sleep or fully asleep before scanning was started. No sedation was used. Scanning was continued until a complete scan that included no more than three visible partial breaks or not more than one complete break on the image was obtained or until it became clear that the infant was unable to lie still for a sufficient period of time. One hour was used as the approximate maximum time to attempt completion of one usable scan. Coefficients of variation of repeated DEXA measurement with similar equipment and software as used in the present study are reported to bẽ 5% (17, 18) . The average radiation dose of one infant whole-body scan is estimated at 3 Sv (0.3 mrem). Bone mineral content (g) was sensitive to 0.01, bone mineral density (g/cm 2 ) was sensitive to 0.001, and body fat and lean mass were sensitive to 0.1 g.
Blood fatty acid analyses. Blood was collected by venipuncture at the 4-and 12-mo CA visits for determination of the fatty acid composition of plasma and of the phosphatidylcholine (PC) and phosphatidylethanolamine (PE) membrane fractions of erythrocytes. Blood samples were processed and frozen at Ϫ70°C and shipped on dry ice to a central laboratory (Analytical Research and Services, Ross Products Division, Columbus, OH) for analysis (19) .
Statistical analyses. The estimated sample size was targeted to detect a 0.5-SD difference in fat-free mass with 80% power using a two-sided 0.05 level test. Preterm infants who were fed formulas with and without supplemental DHA and who had their fat-free mass measured at 4 mo CA were used to estimate variability (20) . Formula assignment was determined using a computer-generated randomization schedule based on a permuted blocks algorithm. Categorical demographic variables were evaluated using 2 tests of association and Fisher exact tests, whereas continuous demographic variables were evaluated using analysis of covariance (ANCOVA). Model fit was assessed using residual and stem-leaf plots for all parametric analyses of continuous variables.
Anthropometric and body composition data were assessed both by visit using ANCOVA and longitudinally using repeated measures analyses. The analysis of anthropometric measures included study feeding group, visit, sex, birth weight, mixed versus exclusive formula feeding, and interactions between study feeding group and visit as terms in the model. The analysis of body composition measures included study feeding group, visit, sex, race, body weight at scan, mixed versus exclusive formula feeding, and interactions between study feeding group and visit as terms in the model. When the tests of interaction between feeding group and visit were significant, pair-wise comparisons among the three feeding groups were performed for that visit.
Change in bone mineral content between study visits was assessed for the following five intervals: 35-40 wk CA, 4 mo, 12 mo CA, and 40 wk to 4 mo and 12 mo CA. The ANCOVA model included terms for study feeding group, sex, mixed versus exclusive formula feeding, race, and average body weight between DEXA measurements.
All hypothesis testing was two-sided at the 5% level for main effects and at the 15% level for interaction tests. Post hoc pair-wise comparisons following significant interaction tests were done using t tests for differences between least-squares (LS) means (group means adjusted for the other terms in the analysis model). No adjustments were made for multiplicity of endpoints tested in this study. All analyses were done using either PC SAS version 8.02 (PROC MIXED, PROC GLM, PROC FREQ, and PROC UNIVARIATE) or StatView version 5.1.
RESULTS
Sixty infants were randomized. One infant who received a diagnosis of a rare neurologic disorder and two infants who were breast-fed exclusively throughout the study were excluded from the analyses. Birth anthropometrics, gestational age, sex, race, percentage of infants with birth weight appropriate for gestational age, postnatal age at study day 1, percentage of infants in each birth weight group, 5-min Apgar scores, and amount of breast milk intake did not differ among study groups ( Table 2 ). The frequency of breast milk feedings was not significantly different among the three groups. At 40 wk CA, 44, 17, and 24% of infants in the DHAϩARA(EF), DHAϩARA(FF), and control groups, respectively, consumed breast milk at least once a day. By 4 mo CA, only 17, 6, and 5% of infants in the DHAϩARA(EF), DHAϩARA(FF), and control groups, respectively, consumed any breast milk. There were significantly more twin births in the DHAϩARA(EF) group compared with the DHAϩARA(FF) and control groups. (9) 28 (5) 33 (7) Data are the mean Ϯ SEM (number of subjects) unless otherwise indicated. AGA, appropriate for gestational age; SGA, small for gestational age. * ANOVA, 2 , or Fisher exact test. † Different letters in the same row indicate significant pair-wise differences among groups.
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The numbers of analyzable subjects at study day 1, 35-wk CA, 40-wk CA, 4-mo CA, and 12-mo CA visits were 57, 55, 53, 45, and 41, respectively. Sixteen subjects dropped out of the study between study day 1 and the 12-mo CA visit. The reasons for early exit included switching to a nonstudy formula per physician recommendation [control, n ϭ 7; DHAϩARA(FF), n ϭ 0; DHAϩARA(EF)
Development of significant clinical complications was noted during the hospital stay, including patent ductus arteriosus (medication and/or surgical treatment), bronchopulmonary dysplasia (supplemental oxygen beyond 1 mo postnatal or 36 wk CA), or intraventricular hemorrhage (greater than or equal to grade II). No differences in the percentage of infants with patent ductus arteriosus, bronchopulmonary dysplasia, or an intraventricular hemorrhage greater than grade II were found: 22.2, 22.2, and 33.3% for infants in the DHAϩARA(FF), DHAϩARA(EF), and control groups, respectively (p ϭ 0.656). No infants developed confirmed NEC.
ARA and DHA in plasma and erythrocytes. Plasma levels of ARA and DHA were significantly lower in the control versus the experimental groups. At 4 mo CA, plasma levels of ARA (wt%) for the DHAϩARA(FF), DHAϩARA(EF), and control groups were, respectively, 12.0 Ϯ 0.5, 12.0 Ϯ 0.6, and 8.6 Ϯ 0.9 (p Ͻ 0.01) and at 12 mo CA were 13.2 Ϯ 1.1, 12.5 Ϯ 0.6, and 9.6 Ϯ 0.8 (p Ͻ 0.01). At 4 mo CA, plasma levels of DHA (wt%) for the DHAϩARA(FF), DHAϩARA(EF), and control groups were, respectively, 3.4 Ϯ 0.1, 3.2 Ϯ 0.2, and 1.8 Ϯ 0.2 (p Ͻ 0.001) and at 12 mo CA were 3.8 Ϯ 0.3, 3.5 Ϯ 0.2, and 1.8 Ϯ 0.2 (p Ͻ 0.001). At 12 mo CA, erythrocyte PE and PC DHA levels were significantly lower in the control versus the experimental groups (p Ͻ 0.04). Throughout the study, there were no significant differences in erythrocyte PE and PC ARA levels among the three study groups (data not shown).
Growth and body composition. There were no significant differences among the three study groups in the longitudinal analyses of weight, length, or head circumference (Table 3 ). There were no significant differences among the three study groups in bone mineral density or bone mineral content (Table  4 ). There were no significant differences among the groups for rate of bone mineral content gain between any interval measured. For example, increase in bone mineral content (g/d) for the DHAϩARA(FF), DHAϩARA(EF), and control groups from 35 to 40 wk CA was 0.54 Ϯ 0.05, 0.52 Ϯ 0.05, and 0.58 Ϯ 0.05, respectively; from 40 wk to 4 mo CA was 0.63 Ϯ 0.03, 0.70 Ϯ 0.05, and 0.66 Ϯ 0.04, respectively; and from 40 wk to 12 mo CA was 0.38 Ϯ 0.03, 0.40 Ϯ 0.04, and 0.43 Ϯ 0.03, respectively. Similarly, there were no significant differences among the groups for rate of bone mineral content gain in any interval measured (data not shown).
At the 12-mo CA visit, there were significant differences in lean body mass and fat mass between the infants who were fed the DHAϩARA-supplemented formulas compared with the infants who were fed the unsupplemented control formulas. The LS adjusted means (ϮSEM) at 12 mo CA for lean body mass (kg) were greater for infants in the DHAϩARA(FF) Data are reported as the unadjusted mean Ϯ SEM (number of subjects). Differences among groups were determined using repeated measures ANCOVA controlling for visit, sex, breast milk intake, birth weight, and feeding group-by-visit interactions. No significant study feeding group differences (p Ͼ 0.05) were found.
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(6.83 Ϯ 0.13) and the DHAϩARA(EF) (7.00 Ϯ 0.14) groups than in the control (6.53 Ϯ 0.15) group and for fat mass (kg) were less for infants in the DHAϩARA(FF) (2.60 Ϯ 0.12) and the DHAϩARA(EF) (2.60 Ϯ 0.13) groups than in the control (3.07 Ϯ 0.14) group (p Ͻ 0.05; Fig. 1 ). These differences were confirmed by the repeated measures analysis.
DISCUSSION
Very low birth weight infants are commonly discharged from the hospital on nutrient-enriched feedings. Twenty-twokcal/oz formulas, such as those used in the present study, are increasingly prescribed. Several studies reported that postdischarge nutrient-enriched feedings are associated with significant improvements in catch-up growth (21-23) and may be particularly advantageous for boys and for infants with the lowest birth weights (21, 22) . Short-term feeding of preterm formulas is not associated with changes in plasma mineral concentration (24) , but feeding of nutrient-enriched formulas seems to result in increased bone mineralization (25) (26) (27) . Short-term feeding of postdischarge formula to 2 mo is not associated with changes in fat and lean body mass (28) . This is the first study to report effects of DHA and ARA in formula on body composition in preterm infants. Although there were no effects on bone mineral deposition, infants who were fed the DHAϩARA-supplemented formulas from first enteral feedings to 12 mo CA had greater lean body mass and reduced fat mass at 12 mo.
Preterm infants who are fed formula during the early postnatal period accumulate fat faster than fetuses of similar postconceptional age (29) . It has been suggested that dietary practices after hospital discharge have an even greater impact on body composition than dietary practices in-hospital (30) . However, there is a paucity of data regarding the effect of the postdischarge diet on body composition in preterm infants. Ryan et al. (20) reported lower fat-free mass in preterm male infants who were fed preterm formula supplemented with 0.2% DHA but no ARA until 43 wk postmenstrual age followed by term formula that was similarly supplemented with DHA until 4.5 mo CA. By contrast, preterm infants in the present study who were fed formulas with both DHAϩARA, regardless of source, to 12 mo CA had more lean body mass (average LS mean difference, 300 -470 g), less fat mass (average LS mean difference, 470 g), and no differences in overall weight than the control group. Fat mass values at 12 mo CA for the DHAϩARA-supplemented groups in the present study are in agreement with those reported by Butte et al. (31) . Average fat mass at 12 mo for a group of 76 healthy infants who were either breast fed or fed infant formula was 2.59 kg (31) . The control group fat mass values at 12 mo CA in the present study are higher than the Butte (31) reference group. The 470-g difference in fat mass between the supplemented groups and the control group observed in the present study represents a 5% difference in total average body weight and, assuming that fat is 25% of total weight (31), a 20% difference in fat mass. The differences observed are within the specificity of DEXA, especially because DEXA becomes more precise as the total amount of fat mass exceeds 250 g (18) .
When considering animal (12, (32) (33) (34) (35) (36) (37) and infant (20) studies that have examined body composition, the increase in lean body mass and corresponding reduced fat mass in the preterm Data are reported as the unadjusted mean Ϯ SEM (number of subjects). Differences among groups were determined using repeated measures ANCOVA controlling for visit, body weight at study visit, sex, race, breast milk intake, and feeding group-by-visit interactions.
* Not significant.
Figure 1.
Lean body mass and fat mass at 35 and 40 wk CA and at 4 and 12 mo CA in preterm infants who were fed formulas with DHA and ARA or unsupplemented control formulas. Data points represent LS means adjusted for sex, race, body weight, and breast milk intake. At 12 mo, lean body mass was significantly greater and fat mass was significantly less in infants who were fed formulas that were supplemented with DHA and ARA with either the DHAϩARA(FF) (‚; n ϭ 12) or DHAϩARA(EF) (e; n ϭ 12) compared with infants who were fed control formulas (•; n ϭ 10) (p Ͻ 0.05).
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infants in the present study were not anticipated. In studies with rodents, diets rich in the long-chain n-3 fatty acids DHA and EPA from fish oil have been associated with lower body fat when compared with diets rich in saturated fat (e.g. lard, medium chain triglyceride oil) or polyunsaturated fatty acids such as linoleic acid (e.g. corn oil) (12, (32) (33) (34) (35) (36) (37) . Adult rats that were fed diets rich in DHA and EPA had preferential partitioning of ingested energy toward oxidation at the expense of storage (32) , reduced fat mass (33) , decreased fat cell trophic growth (34) , altered expression of genes involved in adipose tissue metabolism (12) including lipoprotein lipase activity (36) , increased peroxisomal ␤-oxidation (35), reduced adipocyte cell volumes (37), increased visceral fat hypertrophy (13), and altered regulation of leptin (38) . These studies, however, did not examine diets rich in ARA to evaluate possible interactions between high dietary DHA and EPA and dietary ARA. In addition, Ͼ25-and 150-fold greater amounts of DHA and EPA, respectively, were fed in the rodent studies than in the present and other (20) infant formula studies that have examined body composition. In the study by Ryan et al. (20) , preterm infants were fed formulas with DHA and EPA at Ͻ0.3% of calories for~5 mo after hospital discharge. Infants who were fed the supplemented formulas grew slower and had lower fat-free mass, but fat mass was not different from that in infants who were fed the unsupplemented control formula. Conversely, growth is not slower in preterm infants who are fed formulas that contain both ARA and DHA compared with an unsupplemented control formula (8,39 -41) , and as shown in the present study, lean body mass is greater and fat mass is reduced. Additional studies are needed to understand the specific effects of ARA and the long-chain n-3 fatty acids DHA and EPA on lean body mass and fat mass in infancy. Preterm infants often experience postnatal growth restriction and have anthropometric measurements at Ͻ10th percentile at the time of hospital discharge (42) . They are also at risk for poor growth into childhood (43) . Little is known about how postnatal growth patterns influence the body composition of very low birth weight, preterm infants. The present study suggests that feeding low birth weight infants during the first year of life with preterm formulas that are supplemented with DHA and ARA results in a body composition in which total fat mass is reduced and lean body mass is enhanced.
In the present study, neither bone mineral content nor bone mineral density was different between 35 wk and 12 mo CA in preterm infants who were fed either unsupplemented preterm formulas or preterm formulas that were supplemented with DHA and ARA for the first year of life. Consistent with these findings, Martinez et al. (7) reported that supplementation of preterm formula with ARA and DHA caused no disturbances in mineral balance. Studies with rodents (14, 44) , piglets (45) , and chicks (46, 47) , however, have reported effects of n-6 fatty acids (linoleic acid and ARA) and n-3 fatty acids (EPA and DHA) on bone formation. ARA (n-6) and EPA (n-3) are precursors to eicosanoids that influence the differentiation and activation of cells in bone and cartilage tissue. For example, in a study with formula-fed piglets, ARA and prostaglandin E2 (PGE2), synthesized from ARA, both increased bone mass, apparently by independent, distinct mechanisms (45) . Others report concentration-dependent effects of PGE2 with higher levels associated with depressed bone formation (13, 47 ). Another study with formula-fed piglets reported that higher plasma DHA was associated with less bone resorption (48) . Watkins et al. (46) , however, reported that chicks that were fed diets rich in n-6 fatty acids led to increased levels of PGE2 and depressed bone formation rates compared with animals that were fed diets high in n-3 fatty acids. It is not known whether different levels or ratios of ARA, EPA, and DHA than those fed in the present study may affect bone formation in preterm infants. Further studies are warranted given the rapid bone remodeling that occurs during the first year of life in preterm infants (49) . The results of the present study suggest that DHAand ARA-supplemented infant formulas can be fed to preterm infants for their neurodevelopment and visual acuity advantages without negative affects on bone mineralization.
The growth results of the present study are in agreement with those of the larger study of O'Connor et al. (4) with 470 preterm infants who were given the identical formulas used in the present study and fed for the same period of time. O'Connor et al. (4) found no consistent differences among the groups in weight, length, or head circumference. In several early studies, growth was restricted in preterm infants who were fed formulas that were supplemented with only n-3 fatty acids, as DHA alone or in combination with EPA, and no ARA (n-6 fatty acids) (20, 50, 51) . In most studies in which preterm and term infants were fed formulas that were supplemented with both n-6 (ARA) and n-3 (DHA) fatty acids and little or no EPA, no adverse effects on growth were reported (8,39 -41) . Innis et al. (6) reported that infants who were fed preterm formula that was supplemented with DHA and ARA gained weight significantly faster than infants who were fed a standard unsupplemented preterm formula. Longitudinal growth was affected in one study that was designed to evaluate the neurodevelopmental outcome of preterm infants who were fed preterm formulas with and without DHA and ARA (9) . The infants who were fed DHA-and ARA-supplemented preterm formula were 1.5 cm shorter at 18 mo CA than infants who were fed an unsupplemented control preterm formula (9) . The supplemented formula was fed for 3-4 wk, compared with 12-14 mo in the present study, and contained lower concentrations and different ratios of DHA and ARA than the study products used in the present study. Taken together, the growth data from this study and from previous reports suggest that preterm and discharge formulas that are supplemented with DHA and ARA support adequate growth of preterm infants.
CONCLUSION
No differences in growth or bone mineralization between 35 wk and 12 mo CA were found in preterm infants who were fed an unsupplemented control formula and those who were fed formulas that were supplemented with 0.16 -0.26 wt% DHA and 0.41-0.43 wt% ARA from combinations of either FF or EF. The most significant finding was that supplementation with DHA and ARA at the levels studied led to increased lean body mass and reduced fat mass at 12 mo CA. The long-term effects of DHA and ARA supplementation on body composition in both preterm and term infants deserve further study.
BODY COMPOSITION IN INFANTS FED ARA AND DHA

